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Two birds, one stone:  long-wavelength carbon dots enables ratiometric detection of ciprofloxacin and Co2+ for smartphone, logic gate, and imaging applications
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Material

Methylene Blue was procured through Aladdin Ltd (Shanghai, China). Antibiotics of Penicillin (PG), Thiamphenicol (THI), Kanamycin (KAN), Clindamycin (CLI), Gentamicin (GEN), Oxytetracycline (OXY), Erythromycin (ERY), Azithromycin (AZM), Clarithromycin (CLR), Ofloxacin (OFL), Difloxacin (DIF), Fleroxacin (FLE), Pefloxacin (PEF), Enoxacin (ENO), levofloxacin (LEV), norfloxacin (NOR) and Ciprofloxacin (CIP) were concocted in the concentration of 0.01 M. Cationic solutions of K+, Ca2+, Na+, Mg2+, Al3+, Zn2+, Cu2+, Hg2+, Ba2+, Cd2+ and Co2+ were formulated in the concentration of 0.1 M. Distilled de-ionized (DDI) water with resistivity higher than 18.25 MΩ/cm was used. 
Quantum yield (Φ) measurements
The Φx of the D-CDs were determined by a comparative method as follows: 

Φx=Φst(Kx/Kst) (ηx/ηst)2 where, the subscripts X and ST denote D-CDs and the reference (Rhodamine B in ethanol). Grad is the gradient from the plot of integrated fluorescence intensity against absorbance and η is the refractive index of the solvent. To prevent the re-absorption effect, a series of solutions of D-CDs and referenced fluorescence dyes were prepared with concentrations adjusted such that the optical absorbance values were between 0-0.1 at 365 nm. The integrated fluorescence intensity was the area under the PL curve in the wavelength range 515-800 nm.

Table S1 Integrated fluorescence intensity against absorbance of Rhodamine B and D-CDs.

	D-CDs
	Rhodamine B

	Abs
	Integrated PL
	Abs
	Integrated PL

	0.0178

	2215.6
	0.0156
	3604.5

	0.0394
	3819.7
	0.0402
	10794

	0.0687
	5892.8
	0.0641
	18421

	0.0801
	7897.5
	0.0817
	26482

	0.0908
	8862.4
	0.0926
	30489
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Figure S1. Plots of integrated fluorescence intensity against absorbance of (a) D-CDs and (b) Rhodamine B at excitation and absorption wavelengths of 365 nm. 
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Figure S2. Effect of continuous irradiation with a xenon arc lamp for 3600 s on fluorescence intensity of D-CDs.

[image: image14]Figure S3. Effect of ionic strength on fluorescence intensity of D-CDs.
[image: image2.jpg]PL Intensity (a.u.)

400

500 600
Wavelength (nm)

700




Figure S4. Effect of different pH on fluorescence intensity of D-CDs.
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Figure S5. The ion selectivity of D-CDs. Comparison of fluorescence intensity of 20 μL, 4.5 mg/mL D-CDs after the addition of 0.1 mol/L metal ions.
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Figure S6. The fluorescence enhancement effect of different FQs towards D-CDs.
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Figure S7 The ratio value F445nm/F662nm of D-CDs (0.45 mg/mL) in the existence of distinct antibiotic (10 mM) before and after the addition of CIP (1 mM).

	Sensing probe 
	Response time
	LOD
	Reference

	CDs/SiDs–BPMA–Cu2+ 
	-
	2 nM
	  [1]

	CDs@Cu2+
	1.5 h
	0.6 M
	[2]

	CD/riboflavin
	1 min
	1.3 μM
	[3]

	CDs/Tb-AMP CPs
	20 min
	7.4 nM
	[4]

	D-CDs
	10 s
	16.8 pM
	This Work


Table S2 Comparison of the ratiometric detection CIP performance of D-CDs prepared in this work with other CDs sensors in the literature.

[image: image15]Figure S8. FTIR spectrum of CIP, D-CDs and CDs/CIP.
[image: image16]
[image: image17]Figure S9. (a) Zeta potential distributions and (b) Zeta potential values of the D-CDs, CDs/CIP and CDs/CIP /Co2+.
Figure S10. UV−vis spectrum of D-CDs (4.5mg/mL) with the addition of various concentrations of CIP. 

Table S3. Comparison of the molecular structures of fluoroquinolones.

	Ofloxacin (OFL)
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	Weak hydrogen bond interaction

	Difloxacin (DIF)
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	Weak hydrogen bond interaction

	Fleroxacin (FLE)
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	Weak hydrogen bond interaction

	Pefloxacin (PEF)
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	Weak hydrogen bond interaction

	Enoxacin (ENO)
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	Weak conjugation system

	Levofloxacin (LEV)
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	Weak hydrogen bond interaction

	Norfloxacin (NOR)
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	Weak hydrogen bond interaction

	Ciprofloxacin (CIP)
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	Strong hydrogen bond interaction


Table S4. Calculated adsorption energy (Eads)

	D-CDs/M
	Eads

	D-CDs/OFL
	0.026

	D-CDs/DIF
	0.044

	D-CDs/FLE
	0.038

	D-CDs/PEF
	0.025

	D-CDs/ENO
	0.029

	D-CDs/LEV
	0.032

	D-CDs/NOR
	0.046

	D-CDs/CIP
	0.057


[image: image18]           Figure S11. FTIR spectra of CDs/CIP and CDs/CIP/Co2+
Table S5. Detection of CIP and Co2+ in real samples with fluorescence method. 

	
	Sample
	Added

(nM)
	Found

(nM)
	Recovery

(%)
	RSD

(%)

	CIP detection
	Lake

water
	0.1
	0.102
	102.0
	4.2

	
	
	1
	1.04
	104.2
	3.4

	
	
	2
	2.01
	100.6
	3.8

	
	Milk
	0.1
	0.0970
	97.0
	3.1

	
	
	1
	1.03
	103.2
	4.5

	
	
	2
	2.09
	104.9
	2.8

	Co2+ detection
	Lake

water
	50
	49.9
	99.9
	2.4

	
	
	60
	59.0
	98.4
	1.7

	
	
	70
	69.1
	98.8
	3.0


Table S6. Detection of CIP and Co2+ in real samples with smartphone sensing platform. 
	
	Sample
	Added

(μM)
	Founded

(μM)
	Recovery

(%)
	RSD

(%)

	CIP detection
	Tap
water
	5
	5.2
	104.0
	2.1

	
	
	57
	59.8
	103.5
	2.4

	
	
	208
	218
	104.8
	1.7

	Co2+ detection
	Tap
water
	0.5
	0.48
	96
	2.2

	
	
	13.4
	12.9
	96.2
	2.7

	
	
	22.4
	21.8
	97.3
	3.2


[image: image19]Figure S12. Cytotoxicity test of D-CDs on HeLa cells viability.
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